INTRODUCTION {#sec1-1}
============

Trauma is the leading cause of death for people aged 1--44 years in the United States.\[[@ref1]\] Helicopters play an important role in transporting these critically injured patients and have been shown to reduce mortality\[[@ref2][@ref3][@ref4]\] and expand access to Level I trauma centers.\[[@ref5]\] However, the use of air medical transport comes at a cost -- both in terms of the safety risks to the patient and crew as well as monetary costs of helicopter transport. Emergency medical services (EMS) providers follow consensus guidelines for field triage promulgated by the centers for disease control when deciding whether to request air medical transport. These guidelines enable EMS providers to make rapid decisions about the seriousness of a patient\'s injuries and match the patient\'s illness with the level of trauma care needed.\[[@ref6]\] Several studies\[[@ref7][@ref8][@ref9][@ref10]\] have shown that over 60% of patients may be overtriaged to trauma centers by those calling for air medical transport. Previous work from our institution examined the ability of national trauma triage criteria to discriminate between patients who required the resources of a trauma center and those who did not.\[[@ref11]\] This evaluation showed that approximately one-third of patients transported directly from a trauma scene are discharged within 24 h of arrival and 83% do not require the specific resources available at a trauma center during their stay. Madiraju *et al*. examined the impact of patients discharged within 1 day of transport and found that in their trauma center, over \$1.3 million dollars could be saved by eliminating overtriage among this group of patients.\[[@ref12]\]

The purpose of this study was to determine important characteristics of trauma patients who are delivered to Level I trauma centers and are discharged within 24 h of delivery. By examining such characteristics, it is anticipated that the overtriage of trauma patients can be reduced and that air medical transport can be used more efficiently as an adjunct in trauma care.

METHODS {#sec1-2}
=======

Study design {#sec2-1}
------------

A retrospective chart review of all trauma patients who arrived directly from the scene of an accident via MedFlight from January 1, 2016 to December 31, 2017 to one of two Level 1 trauma centers (Grant Medical Center \[GMC\] and The Ohio State University Wexner Medical Center \[OSUWMC\]) were eligible for this study. Triage to a trauma center in state is based on statewide trauma triage guidelines that are directly related to the Centers for Disease Control and Prevention (CDC) field trauma triage guidelines.\[[@ref6]\] Inclusion criteria for trauma patients included: (1) age ≥18 years, (2) mode of transport of helicopter, (3) transported directly from an accident scene, and (4) discharged within 1 day or less from arrival to a Level I trauma center. Patients were deemed ineligible if (1) they were in the age group of 17 years or less, (2) transported from another health-care facility, (3) mode of arrival was ground transport, or (4) their length of stay was more than 1 day. Patients whose injury was isolated to major burns were also excluded from the study.

Data collection {#sec2-2}
---------------

The trauma databases at the Level 1 trauma centers (GMC and OSUWMC) were queried to determine all eligible patients. Data integrity for each database was maintained in accordance with the American College of Surgeons (ACS) Committee on Trauma Level 1 trauma center verification process and is routinely assessed for data quality. Final Injury Severity Score (ISS) as well as a categorization of injuries sustained as denoted by their discharge ICD-9 (or ICD-10) codes in the ranges of 800--939.9, 987.9, 991.0--991.6, 992.0--992.9, 994.0, 994.1, 994.7, 994.8, and 995.50--995.59 were included. Injuries were also grouped by body systems according to the Abbreviated Injury Severity classification.\[[@ref13]\]

Data points collected included patient age, gender, scene location, loaded miles, and transportation costs. Traditional triage factors including physiologic metrics, anatomic injuries, and mechanisms of injury as identified in the 2011 CDC guidelines for field triage of injured patients\[[@ref14]\] were collected and categorized by one of the authors (CG) who was trained for this analysis. Trauma type was characterized as either blunt or penetrating. The mechanism of injury was categorized as fall, bicycle crash, gunshot wound, motorcycle collision, motor vehicle accident, pedestrian versus car, and stab wound. Anatomic injuries included penetrating injuries of the head, neck, torso, or extremities proximal to the elbow or knee; chest deformity; crush injury; suspected pelvic fracture; amputation; skull fracture; or injury associated with paralysis. Special considerations for triage to a trauma center included geriatric falls, patients on anticoagulants, operative procedures other than laceration repair, and pregnancy \>20 weeks. Other factors analyzed included patients who were intubated in the field, the volume of prehospital fluids administered, and the patient\'s Revised Trauma Score (RTS).\[[@ref15]\] The RTS is a physiologic scoring system yielding values between 0 and 12 with lower scores indicating higher mortality risk. The RTS is made up of three parameters -- Glasgow Coma Scale (GCS), systolic blood pressure (SBP), and respiratory rate. The GCS is weighted more heavily than the other two parameters to account for serious head injuries. All data were reviewed for accuracy by a second author (HW).

Electronic medical charts from MedFlight, the primary air medical transport agency in central Ohio were queried. MedFlight operates nine air medical bases throughout its service region and completes approximately 3200 air transport missions annually. Data were abstracted from MedFlight\'s privately maintained data to determine the location of the accident, prehospital vital signs, initial GCS and RTS, interventions performed during transport including endotracheal intubation, loaded patient miles, and air medical transport cost. These data were assessed for accuracy via 100% peer-review of transport records. Air medical transport costs were calculated by the sum of MedFlight\'s base rate and cost per loaded mile. Using the location of the accident and the county of origin, the authors used the "nearby" function within Google Maps to determine the closest available hospital (in miles) with an emergency department (ED). Google Maps was then used to determine the shortest driving distance (in miles) between the patient\'s home of record to the closest available hospital and the patient\'s home of record to the Level I trauma center to which they were transported.

Of note factors such as average loaded miles, transport charges, driving distances, and patient payment source were limited to only transported to OSUWMC patients due to information sharing limitations outlined in the institutional review board approvals at each medical center.

This study protocol was approved by the institutional review boards at both GMC and OSUWMC (2018H0024). The methods used in this retrospective medical record review were compliant with the procedures outlined by Worster *et al*.\[[@ref16]\]

Data analysis {#sec2-3}
-------------

Data were entered into an Excel spreadsheet (Microsoft Corporation, Seattle, WA, USA) and analyzed using the data analysis ToolPak to calculate descriptive statistics. Continuous numerical data were reported in tables as means + standard deviations. ISS, GCS, and RTS values were assumed to lack a normal distribution, and thus, median values and the interquartile range were calculated. Categorical data were reported as absolute numbers and percentages. Patients with a home of record outside of state and its contiguous states (surrounding states) were excluded when calculating distances between home of record to local hospital and home of record to Level I trauma center in order to reduce the effects of outliers on the mean.

Finally, we conducted an analysis of specific factors (age and payer source) and compared these parameters to the distribution of adult patients in the 2010 State of Ohio census data and with patients with a hospital length of stay \>24 h. A Chi-square test was applied using STATA (Version 10, StataCorp LP, College Station, TX, USA) to determine if there were specific differences among early discharge patients and 2010 state census data as well as patients with a length of stay \>24 h. Statistical significance was assumed for *P* \< 0.05.

RESULTS {#sec1-3}
=======

There were 1042 adult nonburn scene trauma patients who were transported by helicopter to either GMC or OSUWMC between January 1, 2016, and December 31, 2017. Of these patients, 226 were discharged within 24 h of arrival. Therefore, the calculated early discharge rate for the study population was 21.7%. Patient demographics, trauma type, mechanism of injury, and patient status for intubation, anticoagulant therapy, and pregnancy for patients with a length of stay of 1 day or less are shown in [Table 1](#T1){ref-type="table"}. Of note, the majority (93.8%) of patients were Caucasian, 71.7% were male, and 96.9% were victims of blunt trauma. Motor vehicle accidents (44.7%) and falls (20.4%) comprised the most common mechanisms of injury. [Figure 1](#F1){ref-type="fig"} shows the distribution of mechanisms of injury for the study cohort.

###### 

Patient demographics, trauma type, mechanism of injury, intubation status, anticoagulant therapy, pregnancy status and operative procedure

                                                       *N* (%)
  ---------------------------------------------------- ------------
  Race                                                 
   Asian                                               1 (0.4)
   African-American                                    7 (3.1)
   Indian                                              2 (0.9)
   Other                                               1 (0.4)
   Caucasian                                           212 (93.8)
   Unknown                                             2 (0.9)
  Sex                                                  
   Male                                                162 (71.7)
   Female                                              64 (28.3)
  Trauma type                                          
   Blunt                                               219 (96.9)
   Penetrating                                         7 (3.1)
  Intubation performed at the scene                    
   Yes                                                 2 (0.9)
   No                                                  224 (99.1)
  Anticoagulant                                        
   Yes                                                 8 (3.5)
   No                                                  218 (96.5)
  Pregnancy \>20 weeks                                 
   Yes                                                 2 (3.1)
   No                                                  62 (96.9)
  Operative procedure (other than laceration repair)   
   Yes                                                 5 (2.2)
   No                                                  221 (97.8)

![Mechanism of injury for early discharged patients. AS: Asphyxiation, BIKE: Bicycle, FALL: Fall, GSW: Gunshot wound, MCC: Motorcycle crash, MVA: Motor vehicle accident, OTHER: Other injury not classified, OV: Overexertion, PED: Pedestrian, SPORT: Sports-related injury, STAB: Stab wound, ATV: All-terrain vehicle, CRUSH: Crush injury](IJCIIS-10-25-g001){#F1}

[Table 2](#T2){ref-type="table"} includes the descriptive statistics for patient age, ED length of stay, ISS, ED GCS, and driving distances from scene to local hospital, home of record to local hospital, and home of record to Level 1 trauma center. Factors such as average loaded miles, transport charges, driving distances, and patient payment source were limited to only Level 1 trauma center patients due to information sharing limitations outlined in the institutional review board approvals at each trauma center. [Table 2](#T2){ref-type="table"} also includes the prehospital values of GCS, SBP, respiratory rate, RTS, heart rate, and volume of fluids administered. For patients transported by MedFlight, loaded miles and transportation costs are included in [Table 2](#T2){ref-type="table"}. About 20.92% of patients had no third-party coverage and assumed on average \$27,921.19 in transportation charges.

###### 

Patient characteristics for early discharged patients

  ------------------------------------------------------------------ ---------------------
  Age, mean±SD                                                       39.12±15.22
  ED length of stay (h:min), mean±SD                                 8:48±6:55
  ISS, median (IQR)                                                  5 (2-6)
  ED GCS, median (IQR)                                               15 (15-15)
  Driving distance (scene to local hospital) (miles), mean±SD        10.33±8.36
  Distance driving (HOR to local hospital) (miles), mean±SD          28.74±40.62
  Driving distance (HOR to Level I trauma center) (miles), mean±SD   71.70±123.23
  Prehospital GCS, median (IQR)                                      15 (14-15)
  Prehospital SBP, mean±SD                                           137.99±20.91
  Prehospital respiratory rate, mean±SD                              17.95±4.79
  RTS, median (IQR)                                                  7.841 (7.840-7.841)
  Prehospital heart rate, mean±SD                                    92.82±15.45
  Volume of fluids administered (mL), mean±SD                        334.64±299.69
  Loaded Miles (no parentheses), mean±SD                             50.51±14.99
  Transportation cost (\$), mean±SD                                  27,921.19±3536.61
  ------------------------------------------------------------------ ---------------------

Loaded miles and transportation costs for patients transported by MedFlight. SD: Standard deviation, ED: emergency department, ISS: Injury Severity Score, IQR: Interquartile range, GCS: Glasgow Coma Scale, HOR: Home of residence, SBP: Systolic blood pressure, RTS: Revised Trauma Score

Patient age stratification is shown in [Table 3](#T3){ref-type="table"}. A comparison with the 2010 State of Ohio census data is depicted in [Figure 2](#F2){ref-type="fig"}. Of note, only 1.8% of patients were in the age group of 70 years or older and only 2 (0.9%) of patients discharged within 24 h of arrival had a prehospital SBP \<90 mmHg. In addition, the minority of patients (2.7%) received \>1000 mL of prehospital crystalloid. The prehospital volume of fluid administered is shown in [Figure 3](#F3){ref-type="fig"}.

###### 

Age stratification for early discharged patients

                Age                                  
  ------------- ------------ ----------- ----------- ---------
  Persons (%)   148 (65.5)   39 (17.3)   35 (15.5)   4 (1.8)

![Comparison of age distributions for early discharge patients versus 2010 state census data](IJCIIS-10-25-g002){#F2}

![Volume of prehospital fluids administered](IJCIIS-10-25-g003){#F3}

The payment source is shown in [Figure 4](#F4){ref-type="fig"} which also compares the distribution for early discharged patients to those who had a length of stay \>24 h. There was a trend (*P* = 0.055) toward a higher representation of self-pay in the early discharge group although this did not achieve statistical significance.

![Payment source comparison between early discharged patients and patients with \>24 h stay (AAA patients only). MCAID: Medicaid, MCARE: Medicare, OTHER_GOVT: Other government payment source, PRIS: Prison, PRIV: Private insurance plan, SELF: Self-pay, UNK: Unknown payment source, WORK: Worker\'s compensation](IJCIIS-10-25-g004){#F4}

DISCUSSION {#sec1-4}
==========

Helicopters serve an important role in transporting trauma patients from the accident scene to trauma centers. Studies have shown that air medical transport provides a survival advantage when compared to ground transport in major trauma.\[[@ref2][@ref3][@ref4]\] Air medical services extend the benefits of access to high-level trauma care to an additional 81.4 million U. S. citizens.\[[@ref5]\] However, the overtriage of scene trauma patients leads to inappropriate use of helicopter transport,\[[@ref10]\] increasing costs to the patient, and increasing safety risk. Air medical transport of less severely injured patients also leads to higher downstream costs. Newgard *et al*.\[[@ref17]\] reported that trauma patients accrued on average \$5590 (2008 dollars) in additional costs for medical workup at a Level I trauma center compared to a lower acuity facility. In addition, during a trauma activation, hospital trauma teams are removed from other priorities, leaving care of surgical patients on hold.\[[@ref18]\] Similarly, Madiraju *et al*.\[[@ref12]\] noted in their study entitled "In by helicopter out by cab: The financial cost of aeromedical overtriage of trauma patients" that savings of over \$1.3 million could be realized by simply eliminating those patients transported by air who were discharged within 24 h.

Previous work found that approximately one of three scene trauma patients are overtriaged as defined by discharge within 24 h of arrival.\[[@ref11]\] This indicates an opportunity for improvement when triaging a helicopter transport request for traumatic injuries. The challenge is to determine factors predictive of a trauma patient\'s future medical needs at the time of injury. Cudnik *et al*. found that only a few factors identified the majority of trauma patients transported by helicopter with serious injuries requiring resources immediately available at a Level I trauma center.\[[@ref19]\] These included age \>44 years, GCS \<14, SBP \<90 mmHg, and flail chest.

Our study focused specifically on a cohort of early discharged patients (within 24 h of arrival) to better investigate factors shared among specific overtriaged trauma patients. We identified three characteristics of early discharged patients that may have an impact on efficient triage: (1) patients in our cohort were rarely older than 70 years of age, (2) the prehospital SBP is infrequently \<90 mmHg, and (3) these patients rarely receive more than 1000 mL of crystalloids.

Patients aged 70 years or older were significantly (P\< 0.01) under-represented in our study cohort as compared to that same age group from the 2010 United States Census Bureau report for the state. This result suggests that geriatric patients may continue to be undertriaged within state trauma system as well as nationally.\[[@ref20][@ref21]\] The state of Ohio has geriatric-specific trauma triage criteria and currently uses a SBP \<100 mmHg as criteria for transport of patients aged 70 or older. Our study found only 4 (1.8%) patients, aged 70 or older, who were discharged early. These four patients had prehospital SBP recorded as 131 mmHg or greater. Brown *et al*. found that among geriatric patients, defined as age \> 65 years, triaged with a SBP between 90 and 109 mmHg, there was an odds ratio for mortality similar to younger adult trauma victims with a SBP \<90 mmHg.\[[@ref22]\] Our study found 2 (0.9%) patients aged 65 years or older whose prehospital SBP fell within or below the 90--109 mmHg range described by Brown *et al*. There is current evidence that CDC Field Trauma Triage Criteria, validated criteria promulgated by the ACS and the CDC, has low predictive power in identifying seriously injured older adults based on physiologic criteria.\[[@ref23][@ref24]\] One proposed explanation is that a SBP \<90 mmHg may underestimate the need for geriatric patients to receive trauma resources. The National Trauma Triage Protocol suggests that increasing the SBP threshold to \<110 mmHg (rather than 90 mmHg) in triage of patients older than 65 years increased the sensitivity from 5% to 13% and the specificity from 93% to 99%.\[[@ref22]\]

We also found that high-impact motor vehicle accidents and falls were commonly represented in the early discharge population. It has been suggested that mechanism of injury is overemphasized as a triage factor in determining the need for helicopter transport to a Level I trauma center. Mechanism of injury is often the primary reported reason for requesting helicopter transport\[[@ref19]\] despite the fact that these criteria have been shown to have low positive predictive value in identifying major trauma victims.\[[@ref25]\]

Our study showed that patients discharged within 24 h rarely receive more than 1000 mL of prehospital crystalloid. The volume of crystalloid fluid administered prehospital can be a surrogate measure of the hemodynamic status of a patient before arrival to a Level I trauma center. This suggests that the majority of early discharged trauma patients are hemodynamically stable and fail to meet physiologic criteria prior to arrival at the Level I trauma center.

An interesting observation was that 20.92% of the patients in our study lacked any public or private insurance. This implies that approximately one in five of early discharged patients may be accruing a significant debt as the result of their care, including transport costs. When our study population was compared to helicopter transported scene trauma patients with a length of stay \>24 h, we found that self-pay was still over-represented (20.92% compared to 14.40%), although this did not achieve statistical significance (*P* = 0.055). This finding deserves further investigation.

Our study further suggests that the current CDC Field Triage guidelines may be an inefficient tool for appropriately triaging patients for direct transport via helicopter to a trauma center. Others have investigated the potential for a more efficient triage tool, including work from Brown *et al*.\[[@ref26][@ref27]\] These investigators have developed the Air Medical Prehospital Triage (AMPT) score for determining the need for helicopter transport of trauma patients from the accident scene.\[[@ref26]\] This tool has been validated externally using the Pennsylvania Trauma Outcomes Study registry.\[[@ref28]\] The AMPT score uses factors such as GCS, respiratory rate, unstable chest wall fractures, suspected hemothorax/pneumothorax, paralysis, multisystem trauma, and physiologic/anatomic criteria present in the National Field Triage guidelines to select patients for direct helicopter scene response. Further prospective validation as well as face validation by end users is warranted before the AMPT score can be fully endorsed as an effective mean of trauma triage. One important limitation cited in the use of any triage tool that seeks to determine patient destination is the role of patient autonomy in choosing the health-care facility in which they will receive medical care.\[[@ref17]\]

One final factor to consider in improving prehospital triage may be the use of point-of-care lactate measurement which has been shown to reclassify patients to a more appropriate level of trauma activation when compared to the ACS recommendation.\[[@ref28]\] Prehospital lactates have already been shown to be feasible in the assessment of prehospital patients with suspected sepsis.\[[@ref29][@ref30]\] Brown *et al*. found that the benefit of using the ACS recommendations for triage in addition to a prehospital lactate measurement provided a significant reduction in overtriage relative to a small increase in undertriage.\[[@ref28]\] Currently, however, point-of-care lactate measurement is limited in the prehospital environment.

Limitations {#sec2-4}
-----------

The major limitation of this study is its retrospective investigation of a cohort of scene trauma patients discharged within 24 h of trauma center arrival. It is possible that some additional factors other than those studied may better assist in identifying patients who would likely be discharged within 24 h of arrival by helicopter. Charts reviewed were also subject to potential documentation errors by EMS providers. Specifically, items such as prehospital vital signs may not be uniform in their collection and thus alter calculated values such as GCS and RTS.

In addition, it should be noted that we could not consider the potential impact of undertriage in our cohort. Specifically, we only had access to data from our Level 1 trauma centers and did not have access to a regional trauma database for this study; therefore, our analysis was limited to the significant number of patients who were discharged in the first 24 h. Furthermore, we did not include a control group to compare our cohort of air medical scene transports to those transported by ground. Our intent was to focus specifically at the air transport group in a manner similar to Madiraju *et al*.\[[@ref12]\] as these patients typically incur a much greater expense in terms of transport charges and experience significant travel from their home communities. The study was also conducted at two institutions with a primary reliance on a single air medical program and functioning within one statewide trauma system. As such, these results may not necessarily be generalizable to other trauma systems. Finally, a convenience sample was chosen over a 2-year period. This may have led to Type II errors in the assessment of mechanism of injury or payer source in those patients discharged within 24 h compared to those whose length of stay was longer.

CONCLUSIONS {#sec1-5}
===========

A significant number of patients transported from the scene are discharged within 24 h of admission to a trauma center. These patients rarely have a prehospital SBP \< 90 mmHg, receive more than 1000 mL of crystalloid, or are over 70 years of age. One of five patients has no third-party coverage and assumes \$27,921.19 in average transport charges. Future research should validate prehospital triage factors in a prospective manner to reduce overtriage to an "acceptable" level, ideally without increasing undertriage.
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